An analytical solution method is stated for plane problem of the theory of viscoelasticity of the stress-strain state of an infinite viscoelastic body, which has a circular viscoelastic inclusion of other properties, when the stresses are set at infinity, while the strains are finite. The solution uses a small parameter method, the Laplace integral transform, and the Kolosov-Muskhelishvili complex potentials. The effect of physical nonlinearity on the stress-strain state near the viscoelastic inclusion and inside it was assessed using the analytical methods.
Introduction
The problems of stress analysis near inclusions (regions with other properties) are important in mechanics of composites. The analytical solutions of some problems within the framework of linear elasticity are well-known [2, 9] . Some approaches for solution of such problems with account of nonlinear effects are developed in [11, 12] . In these papers, the inclusion is considered as nonlinear, but the matrix is assumed to be linear elastic. The approximate methods of analytical solution for the problem of stress distribution around nonlinear-elastic inclusion in a nonlinear-elastic medium are developed in [13] . These methods are based on linearization procedures (the perturbation technique or the Newton method); the linearized problems are solved using the Kolosov-Muskhelishvili technique [2] . These methods permit one to solve the problems with physical and geometrical nonlinearities accounted for. The approach to solution of such problems for viscoelastic materials is proposed in [15] . In this paper the plane quasi-static problem of stress distribution near circular inclusion is solved under finite strains. The perturbation technique, the Laplace transform, and the Kolosov-Muskhelishvili complex potentials are used for solution. The materials are assumed to be linear viscoelastic. The further development of this approach is presented here for nonlinear viscoelastic materials.
Problem statement
A stress-strain state of an infinite viscoelastic body (matrix) with a circular viscoelastic inclusion is investigated. Mechanical characteristics of matrix and inclusion materials differ from one another. Normal and shear stresses are prescribed at infinity. This problem is solved in a quasi-static formulation at finite plane strains. Physical nonlinearity is determined by constitutive relations defined in the form of a nonlinear relationship between the second Piola-Kirchhoff stress tensor and the Green strain tensor, which generalizes constitutive relations for the five-constant Murnaghan potential [7, 8] for the case of viscoelasticity under finite strains. In these relations, integral operators of convolution type over time replace the elastic constants. Matrix and inclusion materials are considered compressible. It is assumed, that the perfect contact conditions take place at the interface between the matrix and the inclusion -the displacement vector and normal stresses vector are continuous. It is required to solve the problem of the quasi-static deformation of the body at a given stresses at infinity. Fig. 1 shows a scheme of loading for a body with a circular viscoelastic inclusion. The coordinate system is chosen so that the loading directions coincide with the axes of a Cartesian coordinate system x and y, and the origin coincides with the center of the inclusion. The equilibrium equation has the following form [4, 7, 15] :
The viscoelasticity law is as follows:
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Here, relaxation kernels  -volumetric and G -shearing, and
C -non-linear relaxation kernels. 
Solution method
To solve the problem, the perturbation method (the method of small parameter) is used. A small parameter  is chosen as follows
and for all the values involved in the formulation of the problem a series expansion is written by this parameter . For example, for a displacement vector u such an expansion can be written as follows ...,
Here and below, the superscript in parentheses denotes the approximation number. As a result, the solution of the nonlinear problem is reduced to sequential solution of linearized problems. A solution of the linearized problem for each approximation is determined by Kolosov-Muskhelishvili method [9, 13, 14] using the algorithms described in [4 -6, 13] . The Laplace integral transform [3] is used for solution. For external loads and relaxation kernels we use their Laplace transforms. Complex potentials are determined in the form of the truncated Laurent series in terms of powers of
. Substituting the potentials, presented in the form of series, to the boundary conditions (conditions at infinity and an ideal contact conditions), we obtain a system of linear algebraic equations to find expressions for the terms of the series as functions of the Laplace transforms of loads and relaxation kernels. Most of the coefficients obtained are equal to zero. By substituting the expressions for potentials to formulas for stresses and displacement [9] , we can obtain expressions for the Laplace transforms of stresses and displacements for each approximation. The following notation is used below. The tilde is used to mark up the parts of the first approximation of corresponding values, which are determined by the zero approximation. For the first approximation the solution is as follows. If a variable s is used as the argument of a function, it is assumed that this function is the Laplace transform. The operator L denotes the direct Laplace transform. 1. The deformation gradient ) 0 (  is determined as follows: .
The relative change in volume during the transition of the body from the initial to the final state is determined as follows:
3. The Green strain tensor
4. The Laplace transformation is applied to the Green strain tensor, and the Laplace transform of correction for the second-order effects for the second Piola-Kirchhoff stress tensor 
5. The fictitious mass forces vector
f is determined as follows:
6. A particular solution of the inhomogeneous equation using the vector
f is obtained as follows:
7. The correction for the second-order effects for the strain tensor
is as follows:
9. The stress tensor
at infinity is determined as follows:
10. Using complex potentials, we will find the solution of the homogeneous system of equations similar to the zero approximation. These potentials are represented as follows:
By substituting the potentials to the boundary conditions and solving of a system of linear algebraic equations, we will find the expressions for coefficients of the 
Conclusion
Thus, method, algorithm and software for the approximate analytical solution of the plane problem of the quasi-static deformation of an infinite viscoelastic body with a circular viscoelastic inclusion are developed for finite strains. The estimation of non-linear effects is done; the study of change of stresses and strains against the time is performed. The results of solution of this problem can be used to describe the effective characteristics of viscoelastic composites, including rubbers with nanoscale filler particles, as well as for the analysis and verification of numerical solutions.
